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FOREWORD

S (1)) This report was prepared by the Tactical Combat Alrcraft Project of
the Boelng Aerospace Cowpany, Seattlie, “ashington under contract F33615-73-C-
3012, Project 1431, "Aerodynamic Synthesis and Flight Research" Task 143101.
Inclusive dates of research were 15 November 1972 through 17 September 1973.

- The program was sponsored by the Air Force Flight Dynamics Laboratory. The
Air Force Project Engineer for this investigation was Mr. W. Dudley Fields,

h AFFDL/FXS. The authors express their appreciation to Mr. Alfrad C. Draper,

5 AFFDL/FX, for his guidance throughout this efforc.

5 ) Significant contributions were made to the study by the following

; personnel:

3 ‘B. D. Nelson - Program Manager J. C. Goodboy ~ Operations Aanalivsis
:: W. M. Brennan - Flight Systems Design A. D. Comnot - Opeéétions Analysis
1 G. R. Ruot - Configuration Design J. B. Miller - Model Design

E. 7. 0'Neill - Configuration Design R. A. Day - Model Design
g P. T. Palmer - Aerodynamics

l W. B. Sutherland - Aerodynamics

W. L. Mannick - Weighte Analysis

A. L. Brown ~ Structures Analysis

M. McKinney ~ Structures Design

G. L. Letsinger - Configuratiocn Analysis

1)) Classified information has been extracted from (asterisked) documents

listed under references.

w This Technical Report has been reviewed and 18 approved.
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4/?3 IP P. ANTONA
¥ Chief, Flight Mechanics Divisicn
. AF Flight Dynamics Laboratory
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UNCLASSIFIED ABSTRACT

) The report pregsents the results of an exploratory investigation to
determine the aize, performance and feasibility of a Micro-fighter design such
that & numdber of vehicles could be transported or air launched and recovered
by a C-5 class carrier aircraft, Emphasis was placed on; identification of
potential applications for a Micro-fighter airborne aircraft carrier system,
determination of technology requirements for airbornme launch and recovery,
and the technology requirements for the Micro-fighter airborne aircraft
carrier system, deteruination of technology requirements for airborne launch
and recovery, and the technology requirements for the Micro-fighter, The
scope of investigatinn included evaluation of five fighter concepts and two
carrier aircraft. Trade studies were performed to assess launch and recovery
schemes and technology applications. Evaluation led to the definition of
1980 I0C and 1985 IOC conuepts for Micro-fighter Airborne Aircraft Carrier

Systens,
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1.0 INTRODUCTION

1)) This volume summarizés study results. Volume II contains the techni-

cal report,

(c) This concept feasibility study has provided the imitial step toward
development of an advanced concept of operation - thg\ﬂicro;fighter/Airborne
Aircraft Carrier. The operational emplojment of strike fighters operating
from airborne aircraft carriers is indicated by this study to be technically
feagsible. Furthermore, the gystem codccpt cffers the potential of great
national benefit in a political world that leans toward a low profile
American exposure overseas while being responsive to diverse needs of our

atlies.
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1900 1920 1840 1960 1980 2000
wL&R
Rigid Airships ] 52
Propeller ‘cv"” %
Carrier A/C . C i o ,
| ’)(F-é 9-34
F-84
Turbo Jet b5 ke
Carrier A/C oy
8-52
, l
Turt?ofan : 7g C;A
Carrier A/C | —
147
Nuclear Powered
Carrier A/C . .
Figure 1: Background (U)
1.1 BACKGROUND
)] Past efforts to make operational use of airborne launch and recovery

systems are shown in Figure 1. The U.S. Navy made operational use of fighter
squadrons aboard the airships Akron and Macon (1935-1937). Vulnerability to
weather limited the operational concept. Subsequent attempts by the U.S.
Alr Force were the XF-85 and RF-84F to be carried by the B-36. Launch and
recoﬁery proved to be major problems in these two programs while fighter

and carrier capability limited operational usefulness. In-flight refueling
of fighters and bombers became a competitive solution for extended range

and ultimately B-36 obsolescence terminated all effort.

w) It is with this background that the present study has focused on the
feasibility of small fighters sized to be carried internally and configured
to be air launched and recovered. ‘

(wm The modern concept for airborme launch and recovery (Figure 2) combines
new transport technology and emerging fighter technology to produce a éystem
oncept that goes beyond in-flight refueling to add in-flfght rearming and
rmiti-gsortie capability for each fighter. Understanding these capabilities
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B 1 Aft Siesping Quarters 8 Squadron Commander
2 ARt Launth Bay & Air Look 9 AAC Crew
3 Attt Boom Operator 10 Spars Engine
4 Forward Siesping Cuarters 11 Acquisition/Refueling Boom
5 Fighter Trenster Rail Assy 12 Forward Boom Oparator
8 Crew Lounge 13 Forwerd Launch Bay & Air Lack
7 Forwerd Crew Refiaf Station 14 Upper Pressure Door

Figure 2: Modern Concept - Airborne Aircraft Carrier (U)

(U) early in the life of the 747 and C-5A can preclude the problem of carrier

obsolescence - instead growth versions can be predicted that provide useful

l1ife beyond the year 2000,

(C; This i1nvestigation has atudied the feasihility and usefulness of an
airborne airbase and has found it to be technicully feasible and potentially

valuable to the nation as a rapid deployment multi-purpose strike system, It

has the potential for intercontinental response, with large combat forces,
before an aggressor can fully mobilize for invasion of neighborirg countries.

1.2 OBJECTIVES

) The study had three primary objectives:
(1) Investigate feasibility and potential operaticnal applications of
the carrier/Micro~fighter concept.

) Develop a Micro-fighter point design such that a number of airplanes
can be transported intact with a 747/C~5 class carrier alrcraft and

have a capability of being air launched and recovered from the carrier.

(3) Design and construct a wind tunnel model of the selected Micro-fighter
design suitable for wind tunnel testing.
3
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2.0 OPERATIONAL ANALYSIS
— "‘"-"f - ~=3 'T‘F"“ — '\-\F‘\
Y g - \T.’.Q}—
\“\,' J '
Sliding Deck

Pressure Hatches

Stowed Position
" Fwd

Refueling Boom : '

{Initis! Recovery
Contact)

Figure 3: Baseline - Microfighter/Airborne Ajrcraft Carrier'(U)

) For carrier loading, on-board handling and operational analysis the
baseline system (Figure 3) represents 1975 technblogy. The 747 AAC .»hgq a
maximum weight of 883,000 pounds employing growth available in the cuffeht
structure. Fighters, fuel and air-to-ground weapons for three 'so'rtiélsf:;:=each,
représent a carrier expendable load of approximately 200,000 pounds.

w Fighter designs employ 1975 technology. The subsystems are :primarily
off the shelf. Geometry is constrained by carrier limits to a wing ‘sﬁﬁn of
17.5 feet. A Basic Launch Weight (internal fuel and internal dmahen;j of
10,000 pounds was determined from earlier design studies. An overloat‘jlu capa-
bllity of 40% was determined practical for air~-to-ground 'applications;

() Operational deployment was investigated for scenarios in the European
“heater, the Middle East, Indian Ocean and CONUS Air Defense.

4
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©® Challengs M = 3 Interceptor with 76N Mi Missile With
M = 2 MF Launched From AAC Alert

(C) Figure 4: European Scenario (U)

(c) The high level conflicts possible in Europe (Figure 4) indicate a high
potential for a rapid deployment system. The MF/AAC force can be deployed in
1/10 the time with 1/3 the manpower required for a current CASF squadron.

(c) Launch stations located outside the ground radar coverage require fighter
interdiction radii of 100 to 300 n.mi. High intensity combat against many types
of Soviet aircraft would require air supériority roles for the fighter both as
CAP for interdiction missions and fleet air defense.

) Command and control by AWACS would allow mobility for the total strike
force while providing radar defense and MF interceptor control.

() Middle East deployment (Figure 5) represents a typical fast reaction
for show of force or real support through battlefield interdiction.
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From S.W,

o )
Gt. Britain . \/
1,BOONMI . e \ . ‘ .
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Gt. Britain : :
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7 Ground Radar

Coverage

MF Strike

0 25 50 75 100 126 150

[ e eeasemme e—
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%‘X \ Port Said'

|\

Egypt

o Cairo N  inai \\ ;

Sinai \ !

(C) Figure5: Middle East Deployment (U)

The presence of a MF/AAC strike force in the Middle East ﬁoﬁld best
be accomplished by basing in Great Britain. In a strike role the fightéra
would encounter enemy aircraft with capability at least equal to MIGfﬁlPF.
Self defense capability should include maneuver performance equal to MIG-21
without salvo of external stores. This requirement was found to be véry
sengitive to MF wing loading and thrust to weight ratio.

) The Indian Ocean island of Diego Garcla provides an alternate base for
Middle Fast deployment (Figurg 6) and for protection of vital shipping lanes.
“o7ict presence at Socotra Base could be challenged by MF/AAC while pro-
viding sea surveillance of the Indian Ocean and Persian Gulf areas.

6
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(C) Figure 6:  Indian Ocean Scenario (U)
(9] Endurance of the carrier plus speed and endurance of MF patrols are

prime requirements for operating in the Indian Ocean,

C) The Conus Air Defense deployment (Figure 7) employs Barrier patrol
operations in time of world tension. Deployment and patrol of AWACS and AAC
is from Z.1 staging bases. In one concept AAC's shuttle to AWACS line, launch
flzhbters on alert patrol, refuel AWACS, continue fighter operations for 8
nours until replacement AAC shows on line. The long range afforded by the

#AC allows the MF to go all out when required to intercept.
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(C] Figure 7:  Conus Air Defanse (U)

) The summary of requirements on %igure'B illustrates the need for a
versatile system witﬁ global range and supersonic performance. Rapid deploy-
ment of the system in a combat status ppsitions the fighters wherejtheir
performance capabllity can be used effectively to surprise or deter ﬁostile
action while providing ample protectioh for carriers and AWACS. These
requirements were used as goals for futrther trade studies of cartiéra and
fighters. ‘
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OPERATIONAL - SCENERIOS '

REQUIREMENTS ‘Weatern Indian Middle CONUS
Europe Ocean East
. Carrier Stand-off Range 200-300 300-400 200~-300 N.A.
(N.MiL)
. Fighter Combat Radius (N.Mi.) 150-350 200 270
. Fighter Intercept Capa- 75 n.m@M=2 [M2.0/1 Min. | 75n.m.@M=2|M2.0/10
bitity Min.
. Fighter Maneuver @ 25g@M=.9 25g@M=,9
20,000 Ft.~-W/Overload
Clean >7g@M=.9 27g@M=,9
30,000 Fr,-Al Load 22.5@M=.8
. Carrier Self Defense M=2.0 M.F. T
Requirements
. Carrier Deployment Range 2600~3000 [1900-4700 1800~ 1000-1500
. Carricr T.0.S. Capability I8 hrs.max. |8 hrs-2 days| 3-4 hrs. | 8 hrs.
. Fighter Weapon/Equip. Mixed AIM & Al Mixed AIM & AT
Complements Radar Radar
. Fighter Launch Cycle Time 1 min/2 MF >
. Fighter Weather Capability pll Weather - >
POTENTIAL APPLICATIONS
MF/AAC WEAPON SYSTEM
. Fast Deployment Strike Force o L ®
. Convoy Escort (]
. Alr Defense ® PY ° P
. Bare Base Deployment
. CASF Deployment ® ¢ ®
MICRO-FIGHTER ROLES ‘
. Initial Air Superiority [ J ®
. Carrier Defense ° ° ° ®
{Tntercept)
. Combat Air Patrol o ® ®
. Intercept 0 Py °
. Reconn ® ° ° °

(C} Figure 8: Requirements Summary (U)
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3.0 FIGHTER DESIGN SELECTION

) Five fighter designs were created for this study and are illustrated in
Figure 9. These designs were compared with each other and to operational
analysis requirements which were generated in parallel with fighter config-

uration development. Concurrent Wind Tunnel tests were conducted by AFFDL/FXS

on the MF-5 configuration shown in Figure 10. This data assisted the selection

of the point design coanfiguration.

) This section describes characteristics of the five fighters and the
comparisons, leading to selection of two designs and the trade studies leadiug

to selection of characteristics for the 1980 Point Design.

) This study was direcied toward searching for potential applications for

a Micro-fighter. Because no specific mission rules existed at the outset the

fighter~ were sized to the carrier aircraft dimensional limitations. Initilally
the C-5 aft cargo door opening was believed to be critical for span and fin

hei <. Subsequent study revealed that: 1) C-5A aft cargo doors ¢.anot be
fully opened in flight, and 2) cargo loading dilagrams for C-5A ana 47 re-
vealed critical balance conditions with 1ight cargo loads concentrut-- 4ia the
aft body. Vehicles in the 7-10,000 1lb. class must be on-loaded and off-loaded
close to the carrier center of gravity. The carrier cargo bay's dimensions
constrained the maximum fighter size. Improved technology would serve to

minimize fighter size for resulting operational requirements.

) To better understand the feasibility of the concept, 1975 level tech-
nology was selected for all evaluation and trade studies. The technology in
1980 was assessed to provide a reduced weight fighter with equal or greater

verformance.

w A basic weight of 10,000 lbs. was selected from previous studies, which

covercd a weight range from 4,000 lbs. to 20,000 1lbs.

Design Criteria and Characteristics
() Design development of the baseline Micro-fighters included the following

criterija: E:

1l
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3
!
A
Figure 10: AFFDL/MF-5 Mounted in AEDC Tunnel 4T (U)
&
N o 1975 Technology
o Wing Span = 17.5 ft. because of 747 launch by restraints.
H o Variable Geometry ~ Vehicle designs that employ folding or sweeping

surfaces must be flyable at launch and recovery speeds in folded
configuration.

k’ o High-g cockpit design with IIPACS displays and controllers.

i o Inlet design ~ fixed geometry, 1/2 round with fixed spike.

o Emergency earth landing gear-shock absorbing skid system and drag chute.

o TFlight control-zero static margin in pitch and neutral directional
stability.

o Basic armament ~ (2) M-39 cannons and 400 rounds of 20 mm ammo.
o TFuel volume for 2,5000 lbs. intermnal.
o IFR receptacle located to focus boom loads for stable towing.
o A single YJ101-GE-100 engine will be used.
These ground rules were intended to provide minimum size vehicles with fighter

performance. The resulting characteristics are summarized in Figure 11.

12

3 UNCLASS! ™D

4 b e . e 1 g i




AT A

e e TR e

A g . < e e e
L £

CONFIDENTIAL

AFFDL TR 73-93 (VOL. I)

===~

TYPE “DELTA” | “VITAC” | “ARROW” | “CANARD”| *“VSW”
 Mode! 985 . -1 -10 ~20 -30 —40
Launch Wt (Lbs) [T>{1975 Technology)| 10,180 10,280 10,360 10,340 10,730
Overail Length (Ft) 30.0 30.0 30.0 30.0 30.0
Minimum Span (Ft . .
Stowed 17.6 175 1756 1786 175
Flight 175 17.5 17.6 176 .| 178
Maximum Span (Ft)
{in Flight or Docked) 17.6 12.5 12.5 17.6 215
Wing Area (Ft2) 200 100 200 110 206
Flight Aspect Ratio Max/Min 1.53 3.06 153 2,784 5.05/ 1.44
Leading Edge Sweep (Deg) 64 45 80 50 40/70
Body Fineness Ratio 8.06 7.86 8.62 8.16 8.20
Internal Fuel (Lbs) 2500 2500 2600 2500 2500
Powerplant YJ101 GE100]YJ101 GE100[YJ101 GE100|YJ101 GE100{YJ101 GE 100
Overall Height (Ft) 6.4 6.86 6.0 6.5 5.85
Visibility Factor |3 245 211 263.7 215.9 266/255.8

[ As drawn with full internal fue! + (2) M-39 20mm Cannons + 400 rds ammo + (2) AIM-BE missiles.
Avionics package = 100 Lbs

- Va? 2 Z .
> F, \/ A2 ont * A%gge t Apian  (F-4has F, = 1200)

Figure 11:  Baseline Configurations — Characteristics (U)

FIGHTER COMPARISON

) Studies were conducted with five baseline fighters to establish their
capabllity to meet the requirements identified in the operational analysis.
Basic comparisons were made for intercept and strike performance. Subsonic
cruise performance was senslitive to vehicle conf}guration. Cruise specific
range for variable sweep is approximately 50% better than other designs but
supersonic and low altitude performances are essentially equal. The clipped
"arrow" benefits from endplate fins to increase span loading. The Delta
provided simplicity and light weight. The high aspect ratio wing selected
for "Canard" and VITAC concepts were penalized with high wing loading due to

4 span limitation. Mission performance is compared on Figures 12, 13 and 14.

13
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; (C) Figure 12: Fighter Performance (U)
|
} ~ L
d )] Misslon performance evaluation shown in Figures 12, 13 and 14 resulted
5 in the initial selection of two configurations, a Delta and a Tailess Variable
4 . . o . _
o Sweep design. The Delta possessed design simplicity to favor its selection
i% ‘ and the Tilless Variable Sweep configuration overall performance.
t
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4
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(©)

A factor in design selection was the abillty of the Micro-
defend itself against the many Mig 21's around the world.

fighter to
“Baselifie configura-
tions were compared for maneuver with and without air-to=grotind Vasp

pons in
Figure 15. Both configurations have more than suffictent ;éﬁiféﬁili’fy “for self-

protection without external stores. : '

Thrust and Wing Loading Requir"o‘d:‘f_br 5g atZO,WOFt
Maximum Power, Mach=9 =

1.5 KlO,fXXJ Lb
1.4
1.3 =
12
Thevss g Weight
s 1.1
1.0
~ 18,000 L6
° R
8
7
@ Match Point @ L
Basic Wt, = 40% FIF + 4000 Lb, Plvlopd
( Af-Z.OthFNZMKMLW%ﬁ)
6k
© 50 80 70 80" 90 100
Wing Loading — PSF
(C) Figure 15: Self Defense )
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u) Fighter selection benefitaed throughout Sy concurrent wind tunnel testing
- _conducted by the Aerospace Vehicle Branch of the Air Force Flight Dynamics
laboratory., Tests with outboard fins similar to those of the Delta indicated

flow interference between the leading edge vortex and the wing mounted fins.

To minimize cthe incerference, the fins were moved to the wing tips, essentially
rtesulting in the Delcta becoming the Arrow, which was selected for the final
point design. The variable sweep configuration with the wing in the maximum
swept position for launch and recovery has aerodynamic and geometric character-

istics similar to the Arrow. Figure 1& shows the selected configurations.
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4.0 CARRIER SELECTION

Figure 17: C-5A AAC Concepts (U)

CARRLER SELECTION

{U). 747 and C-5A transports were compared for use as airborme aircraft

carriers. Primary considerations were ease of modification, airframe growth,

alternate applications and performance. The C-5A body structural arrangement

appears casiest to modify; however, when modified it loses much of 1:5 cargo
capability, as shown in Figure 17.

) Carrier design criteria included:
o Dual launch and recovery bays
¢ In~Flight refueling booms for initial contact and refuel
o High speed - clear alr launch and recovery

o Carrier versatility to operate in alternate roles, such as cargo
carrier, troop carrier, or tanker.
18
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280 Cargo Centroid
b Aft Rsmp
Cargo Load - 200 | Fwd Ramp End End
1.00 Lbs 120} Fwd End Cargo
40 [
LJV_ vl e - "y
0 " 400 800 1,200 1,600 2,000
Allowabls Cargo CG — 8, St
b - 1 : "y
Figure 18: Launch and Recovery Weight and Balancs-C5A (U)
280 747F
4 Cargo
cor 200 Centroid At End
go Load —
Fwd End
1,000 Lbs Cargo Floor

120 Cargo Floor

o,

0 400 800 1,200 1,600 2,000
Allowshle Cargo CG — B. Sta

Figure 19: Launch & Recovery Weight & Balance -747F (U}

CARGO LOADING

) On-board fighter handling is heavily influenced by carrier balance during.
launch and recovery as shown in Figures 18 and 19. The C-5A aft location for
cargo off-loading is not usable with fighter size vehicles (without extensive
modification to airframe and flight control system). Bomb bay type arrange-

mnents close to carrier center of gravity allow launch and recovery operations

" for vehicles up to 15,000 lbs. Forward balance on-loading permits a fighter

{n the nose position clear of normal movement during launch and recovery.
Degraded mode operations can be accomplished with only one launch and recovery
bay operable, 19
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747
4r :/
C-5A
3t /1;5 Endurance at
Range at %/// Maximum
Maximum 2F 2 Payload ~ Hrs
Payload - A
1.000NM1 | %%
Z4
0
Range/Endurance/Peylosd
“14 l
Q§ == = = C5-A {Growth) 200
12 ——— 747 (Growth) ] [
f F]
I é 200
]
g i
3 3
W >
w & 100
Fult Fuel
0 .
0 2 4 8
Range - 1000 NMI Range - 1000 NMI

Figure 20: Growth Carrier Performance (U)

CARRIER SELECTION

w As shown in Figure 20, the 747 has a growth potential to 883,000 pounds.
Growth of the C-5A was projected to 803,000 pounds based on Lockheed data.
With this capability range, 2ndurance and speed of the 747 exceed the C-5A.
installation of in-flight fueling boom on the C-5A also presents difficult
problems. A single aft location is feasible, however it would not provide

assistance to the recovery operation.

20
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Modification Weight Panalty (AOW Lbs) 34,154 44,783

Use of Aerisl Refueling Boom for Recovery of Microfighter See @ Inherent in Design
- SPOTTING & EQUIPMENT CAPABILITY

Meximum No. of Microfighters 10 10

Total Presurized Volume — Cu Ft 66,632 59,000

Yolume Usabie for Fighter Carrisge 41,260 40,266

Usable Volume for Crew & Supt Equipment 3,786+ 4,600+

FLEXIBILITY

Microfighter Transport Only 10 10

Outsize Cargo Capability Limited by Mod Limited by Design

8 Ft x B Ft Cargo Requires Speciat P.ov | Inherent in Design

Troop Transport Good Good

Tanker ©) inhereat in Design

UTICLASSIFIED

AFFDL TR 73-93 (VOL. I)

Growth Carrier Comparison CBA AAC 747F AAC
“{ PERFORMANCE .
Crulse Mach No, J8 -1 54 — 88
Cruise Ahtitude 27,000 32,000
Max Range — 200,000 Lb Payload 3,700 4,700
Endurance st 3000 Mi Rangs, 200,000 Lb Payload 1.8 Hrs (O 3.8 Hrs

- LAUNCH & RECOVERY OF MICROFIGHTERS
(DUAL LAUNCH & RECOVERY SYSTEM)

Not Adequate for Applications Requiring Recycle ot Microtighters
Aerisl Refusling Boom and Operator’s Station Possibie on ¢ on Aft Body. Single Aft Body
Station Does Not Provide Assistence 1o Recovery Operation.

Figure 21. Carrier Selection Summary (U)

) Figure 21 summarizes the primary characteristics of the C-5A and 747F
when modifled to the AAC configuration. The C-5A lacks endurauce for multiple
sorties from each fighter. Modification to the 747 requires more welight for
the desired arrangement for fighter handling. Both designs can be made to
carry 10 fighters with space for on-board rearming but the C-SA loses some of
its capability to carry outsize cargo. In-flight refueling at both launch

&énd recovery stations, a requirement for rapid recovery, would require
cstensive modification to the C-5A. These considerations led to selection

o1 the 747F as the baseline for furcher studies.

21
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Figure 22. Micro-Fighter Recovery (U)

(L) tighters are recovered by initial contact with the active in-flignt
refueling boom. Refueling is accomplished in approximately 30 seconds while
the boom is mcved to its index position. Retracting action of the telescop-
ing boom then pulls the fighter into the trapeze index and lock fittings.
Verification of lock-on brings umbilical power to the fighter while the IFR
boom 1is completely retracted and moved aside to its park position. Engine

shut down follows and initiates the hoisting cycl-: by the trapeze.

(L) To bring the fighter on bouard, the trapeze is powered and programmed to
move the fighter into the launch and recovery bay. Following pressurization,
when hangar deck hatch is open and clear, the trapeze moves the fighter to the
overhead traveler support for hangar stowage. Operation is controlled by a

boom operator, trapcze operator and launch and recovery supervisor as

indicated on Figure 22,

(v, fhie selected arrzngement for stowage, launch and recovery is s:2.m on

Filoure 23,

22
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Figure 24: In-Flight Rearming (U)

ON=-BOARD HANDLING

W) On board the carrier, fighters can be serviced, rearmed and turned
around. The bomb loading, illustrated on Figure 24, shows 1,750 1b. modular
munitions being raised from the ordnance locker to trarsfer position on the
weapon trolley. In the foreground, the weapon 1s translated on its carriage
for alignment to the fighter store station. Trolleys are held to the deck by
a zero-g rail and move to any airplane station. With this concept, turnaround

Inciuding rearming, 1s estimated to require 10 minutes per airplane.

() Personnel requirements are 44 per airplane: an AAC crew of 12, MF

squadron of 14 and 18 supporting specialists.

@) vperation of ten fighters in combat situations from a high altitude base
rLquires pressurized crew compartments and hangar decks. The launch and
ricovery bays become air-locks to transfer the fighters between environmental

sotremes,
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Time — Sec
LAUNCH CYCLE 0 1020 30 40 50 60 70 60 90 100110120

oY r ' 4 Y S Y i _d e i |
Depreasurize 3
Open Door [
Extend & Pork Boom 7
Swrt Engine
Extend Launcher 6
Oisconnect Launcher (Launch)
Retract Launcher & Boom
Cioss Door
Premurize
Open Air Lock
Transter MF to Launcher
Ciose Air Lock

RECOVERY CYCLE ek RN

Ciase Air Lock 8
Depraasurize

Open Door

Exteng Boom

Pint Hooks Up

Fty t0 Index for Hook Up
Attsch Launcher & Verify
Diconnect Boom

Mot MF Into By

Stow Eoom

Close Door

Pressurize Bay

Open Air Lock

Transter MF To Trolley
Retract Launchar 10 Gay

4 PO { 4

internal Pressure) Move MF ;
( (C) Figure 25: Launch & Recovery — Timeline (U)
) Launch and recovery is expedited by dual systems and amplie power avail-~ : —?:

able on-board the 747. (Launch and recovery requires power about equal to =3

+ landing gear retraction.)

(<) The launch cycle shown orn Figure 25 is paced by air defense reaction. =
i The first fighter must be launched 1.5 minutes after radar detection of a Mach
3.0 enemy. From an alert status (pilot in cockpit) two MF interceptors could be =

launched in approximately 80 seconds. Following elements are launched at

uﬂ‘ il
e

80-sccond intervals. The {nterval for this concept includes an air-lock pres- E
sure manifold to cycle pressurized air between bays. Concepts not using ,?H
manifold bays would reduce the launch cycle. ;g

L
y
.

LI T
I
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Ready

Leaunch

- = 10 A/C Launched
Il Mission

II In Position

— o

\ '
.86 66.6 Min & 10 6.6
|
- 1.18 Hr iNo, 1 Ftr) —
'}-_ -~ = == ———— 127 Hr (No, 1 — No, 10 Firs) -l
(C) Figure 26: Mission Cycte Time (U)

CARRIER TIME ON STATION
) The fighter sortie time plus launch and recovery rate establish !

station time required of the carrier. Carrier payloads near 200,0C0 1bs.
allow multiple sorties by the Micro-fighters. The time line shown in Figure 26

adds a nominal strike mission time to the launch and recovery times.

) With this capability recovery operations for mission aborts could be
initiated as early as 7 minutes after inictial launch. A wide range of mission
times are probable. Intercept missions range from 10 to 24 minutes. Lo-level
strike missions range from 17 to B8 minutes and combat air pat..ol co::ld be up
to 2.5 hours. The carrier has payload capability for at least three sortiles
per fighter. Resulting time on station could range to 8 hours for all combat

air patrol.

(<) A more likely mission plan would designate part of the force to fly
Combat Air Patrol (CAP) for strike missions. One CAP sortie may support two

or more strike sorties in 2-3 hours.
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5.0 TRADE STUDIES
*Assion Carrier r ALAR vs Earth Technology
Performance Compatibitity Recoyery . . Aopticstions
T {1980 Tech!
FIGHTER SR . ’
Fighter Si2e ® Visight Variation ® Geometry . Land_ipg svném : 5_ Reduce \Weight
Engine Size ® Survivel/agility . e a OK'A'PSIIATEGG
- < Engine

Fired vs "/ar, Geon, ® Performance & ® Geometry ® Geomaetry

Arrnament

Attack Sutsystem
Urndercarriage

tanesuver
® Visapon Carriage

o Mission Modules
o Aw

® In-Fit Resrm

® On~Bosrd Handiing

® Skid, ACLS, Airbag
Pod Gesr

® AN, Tech Airfoil
@ Adv, Gun & Misile

'® DAIS Modules

Conv, Geer
TARMIER )
C-5A vs 747 ® Range/peaylosd ® Required Mods ® Air Launchvs ® Growth Potential
o On-board Handling Air Transport
Launch Station ® Redundancy ® Waight & Balance

o Weight/Paylosd

Lncation ® Launch Cycle o
Carrier Siz% @ Fir/Carrier Matching ® On-board Handling @ Waight Varistion ® Reduced Fir Wt
o Frr Geometry ‘| @ Wt Growth
Figure 27: Trade Studies Summary (U}
(L) Trade studles identified on Figure 27 were conducted for variations in

the fighter and carrvier to determine major impact on system performance,

carrier compatibility, airborne launch and recovery and technology applications
for the 1985 I0C fighter design. Fighter trades employed the Delta'& Variable

Sweep designs.

L)

The resulting 1985 point design fighter characteristics.included the

following; Basic Launch Weight = 8,400 1bs., thrust to weight ratio. = 1.35,

advanced technology wing design, armament with 25 mm cannon and‘»lowﬂ cost

defense nlssile, modular munitions-air to ground, digital avionics and flight

neptents, modular mission subsystems and high-g cockpit.

)

Advance Airborne Aircraft Carrier characteristics included, take off

m:h',’ht = 1.2 million pounds and a fighter capacity of 14 for airborne launch

101 recovery.
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14
® Payioad = 620 Lb
13
‘Weight - 12 +— /|
1000 Lo |
| wswﬂo 4///4
1" \9©
_ N 0¢¢
’ /
0 -
0 25 0 35 40

Fuselage Length — Ft

(C) Figure 28: Basic Weignt Air to Air Configuration (U)

F1GHTER SIZE

Il A S

) Size of the Micro-fighter is severely limited by carrier geometry and

structural constraints. Within these constraints the primary variation

|
1

: of body length.

permitted is body length. The variations shown on Figure 28 are the result

i

() Carrier tradcs for fighter size variation are shown on Figures 29 and
30. It was believed that significant weight savings could be realized in
body torsion material requirements by decrecasing the width of the body cut-

; outs, therefore providing a larger torsion box on the out-board sides of

e S R

ly

tne cutouts. Stress sizing was accomplished to determine the theoretical
matcrial requirements in the cutout areas for the size variations, Weights
were computed using the results of the stress sizing combined with predetermin-

ed theoretical~to-actual factors based con past Boeing experience. Figure 29

oo tadhand o ol

..resents the results of the cutout size study.
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Figure 29: Launch & Recovery Bay Cutouts (U} °
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Figure 30:  Effect of Cutout Size on Micrufighter Carrier Body Weight (U)
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»c J00 Kis to 800 Kty
Alt = 800 Ft
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~ Bec ==
2} 3
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e~

Maximum Thruet & Wt » Basic Wt — 40% Fusl Lo
+ A 1(2000) .

{C) Figure 31: Effact of Thrust and Stare Drag on Subsonic Acceleration (U)

ENCINE SL2F

(C) Holding the airplane fixed and increasing engine size increases the
penetration Mach number at sea level. Desired speed from a survivability
standpoint {8 M » .9, Engine size and external drag effects on low altitude
acceleration are shown on Figure 31. A typical Mig~21 threat possesses a

opecific excess thrust level of 600 fps which corresponds tc approximnately

2N seconds for acceleration from 300 to 600 kts. The 60% fucl line at

intermediate thrust provides adequate acceleration up to a4 Af of 1,35 square
feet, With maximum augmentation the baseline thrust to weight ratio of 1.4

could our accelerate the Mig-21 without salvo of weapons,
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Metai Wheels
Skig e ACLS
Baswline Pod Internal
— [
Operation EM-Ldg EM-Lag TO & Ldg TO & Ldg TO & Ldg
Braking Method Hi- LAR Hi- vAfR Brake Pads Disk Brokes | Disk Brakes
Oreg Chute (45 Lb) v v v v v
Extension System Precharge Air Bottle | TipFan+ Hyd System | Hyd System
Engine Blead
Retract System Hya Bungee Tip Fon + Myd Hyd
Lenyard
Installed Volume FE® | 12 3 2 2 ]
Installed Weight 230 3% 580 740 660

Figure 32: Landing Gear Characteristics (U)

EMEKCENCY LANDING SYSTFM TRADES

(uv) Four alternate landing gear designs were cxamined in addition to the
baseline skid concept. The characteristics and influence on fighters are
wurimart in Figure 32 and {llustrated in Figure 33. Two air cushion land-
ing systems were studied. The inflated skid employs technology now baing
developed for air cushion landing systems. For emergency landing the metal

skid war vetained for its minimum cost, weight, and volume.

32

CONFIDENTIAL

(Thy poge 0 UNCLASSIHIER.




UPICLASSIFIED

AFFDL 1R 73-92 (VOL. 1)

i
|
&"v
i‘i
|
}J{
[ acdand MM

)
\‘ X

o "

i bl

\ ‘m‘u\ K

il

Figure 33: Landing Gear (U)
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10 Basic Weight
Fue
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ST ' -308 Payload
oe |- 417
0.6 Fixed Equipment
and
_Weight Fraction — _ Useful Load
Wil Wt o4
Propulsion
62 -
Structure
0 -
1976 1980
Technology

Figure 34 Technclogy Application (U)

TECHNOLOGY APPLICATIONS

) Technology projections for 1980 were examined to determine those high

leverage applications that would reduce fighter size and basic launch weight.

3 Weight reduction was identified as a primary goal because the carrier weight

. 1imits are reached before volume limits., Figure 34 summarizes the results

which include those high leverage technologies illustrated on Figures 35
through 40. Discuesion of these technologies can dbe found in Volume II.

fied for all areas except certain armament elements. Armament development
is required for a low cost defense missile, a light weight 25 mmm gun, and

airframe weapons integration of modular munitions to provide the maximum
benefits in a minimum fighter.
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5% Advanced Technology
ES. RS. NACA 64-006
16¢ .60c

L 1 Wing Structursl Box —

Airfoll Section

Figure 35: Advanced Technology Wing Design (U)

q_ Front Spar

Fiexible Skin

L% g [5> Maximum Extension for High Sosed Maneuvar (6.4%)

[Z> Moximum Extersion for Landing and Takeott (10.4%)

Figure 36: Leading Edge Flap Variable Camber Wing Concept No. § (U)
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(U] Figure 37; Technology: Advanced Cockpit Design (U]}
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6.0 POINT DESIGN MICRO-FIGHTER — 1880 TECHNOLOGY

{U) Requirements for the Advanced Technology Micrc-fighter evolved from

the operational analysis and the trade studies. .

(C) For most engagements in remote areas normally denied to U.S. Forces,
the enemy airborne threar will be comprised of many MIG~21's (even in 1985)
and advanced fighters with capabilities similar to the F-16. The presence
of MIG-21's should not daegrade the MF strike force in any operation, air-to-
air or air-to-ground. Therefore, trade studies have examined the MF agility
in a heavy strike configuration to maneuver and accelerate with the MIG-21
in a3 GCI intercept configuration. This matching performance, plus inflight
thrust reversing, will provide rapid positioning for conversion - particularly
during scissors and yo-yo maneuvers. The point design can vutrun the clean
MIG-21 at low level, loaded with 3,500 lbs. of bombs, using partial after-
burner. Acceleration w/afterburner 18 possible from best sea level cruise
to VL (M = 1.0) in less than 15 seconds. This throttle vesponse will
require an increase in VL for safety. For the Point Design, M = 1,2 1is

believed to be adequate.

6.1 AIR VEHICLE DESCRIPTION

) The advanced Micro-fighter, Model 985-121, Figures 41 and 42, was
developed by incorporating selected emerging technology items into the
current technology arrow wing Micro-fighter, Model 985~20. The wmajor
configuration advancements are described below with subsystem descriptions

following.

Model 985-121 Peatures
()] o Advanced technology "Arrow” wing planform with tip mounted vertical

surfaces for improved flow field over fins.
¢ Swooth variable camber leading edge (VCW) for improve. maneuverability.
o Direct side force control (DSFC) device for precision maneuvers.
¢ Body-wing blending for internal carriage of the gun and dogfight
missiles with simpler structurxe.
o Acvanced linear array radar module for installation in two
Jdimensional horizontal ramp inlet.
o Hi-acceleration cockpit design with 50° inclined seat for tolerance

of higher suetained g levels.
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(U) o Extengive use of advanced composite and metallic structure,
o A smaller, advanced cycle engine resulting from past aircraft
propulsion subeystem integration (APSI) studies.

Gun

(U)) A gun system using 25 mm caselesa, GAU~7 type ammunition was chosen
for the 1980 Micro-fighter. Due to weight and volume constraints, a two
barrel external drive gun concept by Hughes Tool Co., Aircraft Division

was selected.

Advanced Short Range Missile

~(U) Two internally carried, tube launched, dog~fight miassiles are

postulated for the 1980 Micro-fighter. A winglesa configuration with
vactored rockat thrust for high maneuverability and a body diametar
aimilar to AIM-9 or Zuni ia considered feasible. Missile